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Answer all questions in the spaces provided.

II| Figure 1 shows a diagram of the human gas exchange system.

Figure 1

Structure B is muscle. The volume of the thorax is increased when structure B

contracts.

Name the structures labelled A and B.

A Trachea

[2 marks]

B External intercostal muscles
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El Figure 2 is a diagram of an alveolus and a blood vessel associated with the alveolus.

The direction of the movement of substances is shown by the arrows labelled C, D, E,
F and G.

Figure 2

D

c E
VTt

Complete Table 1 by writing the correct letter, C, D, E, F or G, in the box next to each
statement. You may use each letter once, more than once or not at all.

[2 marks]
Table 1
Box Statement
F represents the diffusion of oxygen
D represents the transport of a gas mixture
C represents blood moving at the highest pressure
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Do not write
El Describe and explain one adaptation of a single alveolus for gas exchange. Mo
[2 marks]

The alveolar wall (epithelium) is only one cell thick and is made of thin,

flat (squamous) epithelial cells.

This gives a short diffusion pathway / distance for oxygen and carbon

dioxide between the air in the alveolus and the blood in the capillary, so

diffusion is fast.
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|I| Table 2 contains information on the digestion of two biological molecules.

Complete Table 2.
[4 marks]
Table 2
Biological Name of bond . .
molecule Enzyme hydrolysed Product of digestion
Starch Amylase Glycosidic Maltose
Dipeptide Dipeptidase Peptide Amino acids

A student investigated starch digestion by mixing starch with a solution of the enzyme
used to digest starch.

The student did a biochemical test for protein when starch digestion was completed.

@ Describe a biochemical test to show the presence of protein.
[2 marks]

Add biuret reagent (sodium hydroxide solution and then a few drops of

dilute copper sulfate solution) to the sample at room temperature.

If protein is present the solution turns from blue to purple.

Question 2 continues on the next page

Turn over »
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El The student’s test for protein was positive. box

Explain why. )
[2 marks]

Amylase is an enzyme and all enzymes are proteins.

Enzymes are not used up in the reaction, so the amylase was still

present in the mixture after the starch had been digested, which gave a

positive biuret test.

E An enzyme’s turnover number (Kcat) is the number of substrate molecules converted
into product molecules by one enzyme molecule in 1 second. It is determined using
this equation.

Kcat = Maximum rate of enzyme-controlled reaction / umol dm=3 s
Enzyme concentration / ymol dm=

A scientist investigated the action of a protease enzyme. The scientist prepared a
reaction mixture with a protease concentration of 0.0118 umol dm=3. The Kcat for the
protease is 110 substrate molecules per second.

Use this information and the formula to calculate the maximum rate of the
protease-controlled reaction.

Give your answer to 3 significant figures.

Show your working.
[2 marks]

Maximum rate = kecat x enzyme concentration
=10 x 0.01l%

= 1.298 umol dm™3 s7!

Answer 1.30 umol dm=3s~"
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|I| Describe how viruses are replicated.

[4 marks]

The attachment proteins on the virus bind to complementary receptors

on the cell-surface membrane of the host cell.

The viral nucleic acid (DNA or RNA) is injected into / enters the host

cell.

The viral nucleic acid is replicated using the host cell's enzymes and

nucleotides. In a retrovirus such as HIV, reverse transcriptase first makes

DNA from the viral RNA.

The host cell's ribosomes make viral proteins, e.g. capsid proteins and

attachment proteins.

The new viral components are assembled into new virus particles, which

are then released from the cell.

Question 3 continues on the next page
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Izl A scientist investigated the effect of a virus species on a bacterial culture.

The scientist:

e mixed a diluted sample of the virus with a bacterial culture in liquid agar
e poured the liquid agar into a Petri dish and let the agar set

e incubated the virus-bacterial culture at 30 °C for 24 hours.

Figure 3 shows the appearance of the Petri dish after 24 hours.

Figure 3

Cloudy agar with
growing bacteria

Clear zone

Explain why clear zones are present in Figure 3.
[1 mark]

The virus has replicated inside the bacteria and killed (lysed) the

bacterial cells in these areas, so no bacteria are growing there.

. Predict the appearance of the Petri dish if the incubation was extended by a few more
hours.

[1 mark]

The clear zones would get larger and there would be more of them, until

they merge into one big clear zone.
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E Animal cells replicate during the cell cycle. box

Figure 4 shows one animal cell at a stage of the cell cycle.

Figure 4

Identify the stage of the cell cycle shown in Figure 4.
Explain the appearance of the cell shown in Figure 4.

Do not refer to organelles in your answer.
[2 marks]

Identity of stage Cytokinesis (end of telophase)

Explanation The cytoplasm is dividing: the cell-surface membrane is

pinching inwards to form two daughter cells. The chromosomes are not

visible because they have uncoiled. 8

Turn over for the next question
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10

[0]4].[1] complete Table 3 to show whether the feature of DNA is associated with the DNA

molecule found in each of these locations.

Tick (v') the appropriate boxes.

[3 marks]
Table 3
Location of DNA molecule
Feature of DNA
Prokaryotic cell Nucleus Chloroplast
Is circular \/ \/

Contains four
different types of
nucleotide

v

v

v

Is associated with
histones

v
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Question 4 continues on the next page
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Some strains of the bacterium, Escherichia coli, are known to be resistant to box
antibiotics.

Scientists analysed data recording the deaths of people in hospitals across the world
during 2019.

They used the data to find how many of the bodies of people who died in hospitals
contained antibiotic-resistant E. coli bacteria and whether the E. coli were:

¢ not the cause of death (associated E. col)
o the cause of death (causal E. coli).

Figure 5 shows their results.

Figure 5
1.0
0.8
0.6
Number
of deaths
/ millions
04
0.2
0 ,
Associated Causal
E. coli E. coli
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El Using Figure 5, a student calculated that out of all the people who died when box
antibiotic-resistant E. coli were present, 25% of those deaths involved causal E. coli.

The student’s calculation is incorrect.

Use Figure 5 to calculate the correct percentage of deaths involving causal E. coliin
people who died when infected with antibiotic-resistant E. coli.

Identify the mathematical step the student performed incorrectly in their calculation.
[3 marks]

Total deaths = 0.72 + 0.13 = 0.90 million

Causal = 0.13 + 0.90 x 100 = 20%

Correct answer 20 %

Incorrect mathematical Step Used 0.72 (OSSOC/‘atGd deathS) not 0.90 (tota,

deaths) as the denominator: 0.18 + 0.72 = 25%.

. Which method is most likely to be successful in decreasing the frequency of
antibiotic-resistant bacteria in populations of people?

Tick (v') one box.
[1 mark]

Give people lower doses of antibiotics to treat disease.

Test more people to determine if they are infected with
antibiotic-resistant bacteria.

Vaccinate more people to reach herd immunity against bacteria \/
that cause diseases common in human populations.

Turn over »
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lo]5].[1]

Malva sylvestris is a plant species.

A student wanted to determine the mean height of M. sylvestris plants growing in a
field.

Describe how the student should obtain measurements of the plants and then process
these measurements to obtain a reliable mean height of plants growing in that field.
[5 marks]

Divide the field into a grid of squares, e.g. using two tape measures laid

at right angles along two edges of the field.

Use a random number generator to pick random coordinates on the grid,

and measure the M. sylvestris plant nearest to each coordinate. This

avoids bias in choosing plants.

Measure every plant in the same way each time, e.g. with a ruler / tape

measure from the soil surface to the highest point (tip) of the shoot,

n ecm.

Measure a large number of plants, e.g. at least 30.

Calculate a running mean as more plants are measured, and keep

sampling until the mean stays roughly constant, which shows enough

plants have been measured.

Calculate the mean height: add up all the heights and divide by the

number of plants measured.

1 4
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15

El The student wanted to present the results for the distribution of plant heights in a

histogram.

Figure 6 shows the outline of a results table.

Use Figure 6 to design a suitable results table the student should use for a histogram
of plant height measurements ranging between 60 cm and 120 cm.

[2 marks]

Figure 6

Plant height / cm

Freguency (number of plants)

60 to 69.9

70 to 79.9

80 to 89.9

90 to 99.9

100 to 109.9

10 to 119.9

Question 5 continues on the next page
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E A student investigated biodiversity in a community of bee species in a field of box
wild flowers.
The student trapped and identified the bee species in the field over 6 months.

Table 4 shows some of the student’s results.

Table 4
B . Total number of trapped bees after 6
ee species
months
Cuckoo bee 250
Domestic honeybee 800
Clover bee 200

The index of diversity in a community of organisms is determined using the formula

_ N(N-1)
- Yn(n-1)

where N = total number of organisms of all species
and n = total number of organisms of each species.

Use the formula and information in Table 4 to calculate the index of diversity in this
community of bee species.
[2 marks]

N =250 + 800 + 200 = 1250

NCN - 1) = 1250 x 1249 = | S61 250

sum of n(n - 1) = (250 x 249) + (800 x 799) + (200 x 199)
=62 250 + 639 200 + 39 800 = 79] 250

d=156l 250 + 741 250 = 2.106

Answer 2.1
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El In a different investigation, the student found that:

o the species richness of plants in a field of wild flowers is greater than the species
richness of plants in a field of wheat

o the species richness of bees in a field of wild flowers is greater than the species
richness of bees in a field of wheat.

Suggest one reason why the species richness of bees in a field of wild flowers is
greater than the species richness of bees in a field of wheat.

Explain your answer.
[2 marks]

The field of wild flowers has more plant species (greater plant species

richness [/ diversity) than the wheat field, which is a monoculture.

So there s a greater variety of food sources (nectar and pollen from

different flowers) and more types of habitats / niches, so more bee

species can survive there.

Do not write
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box
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[of6][1]

[o]6][2]

Give two roles of phosphate ions in cells.
[2 marks]

1 Phosphate is part of DNA and RNA nucleotides (the sugar-phosphate
backbone).

2 Phosphate is part of ATP; it is used to phosphorylate other substances,

making them more reactive. It is also in phospholipids in membranes.

Diseased lungs can cause carbon dioxide to build up in the blood plasma. This leads
to an increase in hydrogen ion concentration in the plasma.

Describe the effect this increase in hydrogen ion concentration has on the plasma
and on the proteins in the plasma.

Do not refer to the Bohr effect.
[2 marks]

The increase in hydrogen ions lowers the pH of the plasma, so it

becomes more acidic.

This disrupts the hydrogen bonds and ionic bonds in the plasma proteins,

changing their tertiary structure so they become denatured, e.g. enzymes'

active sites or antibodies' antigen-binding sites change shape.
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Scientists measured the concentration of inorganic ions in the cytoplasm of box
mammalian cells and in the tissue fluid surrounding those cells.

Figure 7 shows their results.

Figure 7
Key
|:| Other positively charged ions
Sodium ions (Na*)
. Negatively charged ions
Inorganic ion
concentration
[ arbitrary
units EREEN N EEEN
Cytoplasm Tissue fluid

@ Use Figure 7 to describe two patterns shown in the total concentrations of positively
and negatively charged ions in the cytoplasm and in tissue fluid.
[2 marks]

1 In both the cytoplasm and the tissue fluid, the total concentration of

positive ions is equal to the total concentration of negative ions.

2 The total ion concentration (positive and negative) is higher in the

cytoplasm than in the tissue fluid.

Turn over »
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El In these mammalian cells, the: box

¢ cell-surface membrane is permeable to sodium ions
e sodium ion concentration does not increase in the cytoplasm over time.

Use this information and Figure 7 to suggest and explain the ion transport
mechanisms involved in the transport of sodium ions.

[2 marks]
Sodium jons move into the cell by facilitated diffusion (through channel

proteins), down their concentration gradient from the tissue fluid (high)

to the cytoplasm (low).

Sodium ions are moved back out of the cell by active transport (using

ATP), against their concentration gradient, so the concentration in the

cytoplasm stays low. 8
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|I| A drug is delivered to diseased body cells by a monoclonal antibody. The monoclonal
antibody is attached to a drug to form an antibody—drug complex (ADC).

Figure 8

Drug

heavy chain —_
disulfide bridge
/ 9

light chain

N

antigen-binding site
(variable region)

Complete Figure 8 to show a monoclonal antibody attached to the drug.

Label one structural feature of the monoclonal antibody in your drawing of the ADC.
[2 marks]

Question 7 continues on the next page
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El Scientists used a clinical trial to test an ADC designed to treat people diagnosed with

the cancer, Hodgkin lymphoma (HL).
In the clinical trial, the patients with HL.:

e were selected at random
e had tumours of a similar size at the start of the trial
e received identical doses of the ADC.

Figure 9 shows some of the results from the clinical trial.

Figure 9

100 patients with HL

treated with ADC
Group 1 (32 patients) Group 2 (40 patients)
All detectable traces of tumours Tumours decreased by more than
disappeared half the original size for 3 months
on average

Use all the information to evaluate the effectiveness of the ADC in treating people with
HL.

Do not refer to statistical tests in your answer.
[4 marks]

The ADC was effective in 72 of the 100 patients: in group | (32

patients) all detectable traces of the tumours disappeared, so it may

have cured them, and in group 2 (40 patients) the tumours decreased

to less than half their original size.

However, it is not known what happened to the other 28 patients, so

the ADC may not have worked in them.

The effect after 3 months is unknown, so we do not know if the

tumours kept shrinking or grew back.

There was no control group given a placebo (or the antibody alone), so

we cannot be sure the ADC caused the decrease. Also, only 100 patients

is a small sample size.
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|I| A non-competitive inhibitor decreases the rate of an enzyme-controlled reaction.

Explain how.
[3 marks]

The non-competitive inhibitor binds to the enzyme at a site away from

the active site (the allosteric site).

This changes the tertiary structure of the enzyme, so the shape of the

active site changes.

The substrate is no longer complementary to the active site and cannot

bind, so fewer enzyme-substrate complexes form and the rate decreases.

@ A scientist investigated the hydrolysis of the protein casein.

The scientist:

¢ mixed a solution of a protease enzyme with a solution of casein
e then measured the casein concentration in the mixture at intervals
¢ controlled all relevant variables appropriately.

For this investigation, identify:
[2 marks]

the independent variable /e (since mixing)

the dependent variable Casein concentration

2 3
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El Figure 10 shows the scientist’s results.

Figure 10
200
150
\
. \
Casein 1
concentration 100
/' mg dm-3 A
SilE
\
504\ N\
SN
N\ N
\\ | \\\
0 optimam-— SN N ~—
0 2 4 6 8

Time / minutes
Use Figure 10 to determine the rate of casein hydrolysis at 2 minutes.

Show how you obtained your answer.

[2 marks]
Tangent drawn at 2 minutes (through 2, 34):
gradient = change in y + change in x
=(82-0)+(342-0) =24
Answer 249 mg dm= minute™’

E The scientist repeated the investigation but increased the temperature to the optimum
temperature for this protease.

Sketch a line on Figure 10 showing the results you predict if the investigation is
repeated at the optimum temperature for the protease.
[2 marks]
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[o]9][1]

Read the following passage.

DNA is a stable molecule but, even under normal cell conditions, spontaneous
changes occur to the DNA nucleotide sequence. One example of a

spontaneous change occurs when a cytosine base in a guanine—cytosine
nucleotide pair is changed to a uracil base. This produces a guanine—uracil
nucleotide pair in the DNA molecule. Scientists estimate this type of 5
spontaneous change occurs to 100 guanine—cytosine nucleotide pairs in the
genome of healthy human cells every day.

In healthy cells, enzyme-controlled processes repair these spontaneous

changes in the DNA molecule by changing uracil bases back to cytosine

bases. If these repairs do not happen, the uracil DNA nucleotide attracts an 10
adenine DNA nucleotide when the DNA is replicated in the cell cycle. A

mutation of the original DNA has now occurred.

Healthy cells with damaged DNA produce enzyme X. This enzyme slows the

cell cycle by delaying the start of DNA replication. People with the disease

ataxia telangiectasia (AT) do not produce functional enzyme X. Mutations 15
occur at a higher rate in people with AT.

Use the information in the passage and your own knowledge to answer the
following questions.

Give one similarity in structure between a guanine—cytosine nucleotide pair and a
guanine—uracil nucleotide pair in a DNA molecule (lines 3-5).

Do not refer to guanine in your answer.
[1 mark]

Both nucleotide pairs contain deoxyribose and a phosphate group, and

both bases are joined by hydrogen bonds.

2 6
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@ The DNA in a human genome contained 3 x 10° nucleotide pairs.
Assume 40% of these nucleotide pairs are guanine—cytosine nucleotide pairs.
Use this information and lines 5-7 to calculate the percentage of
guanine—cytosine nucleotide pairs that change to guanine—uracil nucleotide pairs in
this genome every day.

Give your answer in standard form.

Show your working.

[2 marks]
6-C pairs = 0.4 x 3 x 10° = 1.2 x 0%
% changed = 100 = (1.2 x 10°) x 100
=833x10° %
Answer 8.3 x10° %

E The type of mutation that occurs when ‘repairs do not happen’ (lines 10-11) may still
produce a functional protein.

Suggest and explain why.
[4 marks]

This is a substitution mutation: only one base pair is changed (G-C

becomes A-T after replication), so only one DNA triplet / codon is

altered.

The genetic code is degenerate, so the new triplet may still code for

the same amino acid. The primary structure is then unchanged.

So the tertiary structure (and the active site / binding site) is not

changed, and the protein still works.

Also, the change could be in an intron (non-coding DNA), which is

removed during splicing of pre-mRNA, so it does not affect the amino

acid segquence.
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El Suggest and explain why ‘mutations occur at a higher rate’ in people with AT box
(lines 15-16).
[3 marks]

People with AT do not produce functional enzyme X, so the start of

DNA replication is not delayed when DNA is damaged.

So the cell cycle happens more often [ faster, with more frequent DNA

replication, and the uracil bases are not repaired before replication.

Mutations happen during DNA replication, as adenine nucleotides pair

with the uracil, so more mutations occur.

END OF QUESTIONS
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